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INTRODUCfION 
Purpose and Overview of the Report 
Over much of its history, the Maine potato industry has experienced a 
spectrum of "good years" and "bad years." The outcome of a season of potato 
production, in large part, has depended upon the ultimate price and yield for 
that season. If both were favorable, then it was a good year. If one or both were 
not, then growers and communities suffered. 
The price received by a Maine grower can be influenced favorably by 
the actions of the grower, particularly in the areas of storage technology and 
marketing strategies. Even so, the price depends to a large degree upon events 
beyond the control of the individual grower. The planting decisions and 
growing season environment in other potato-growing regions in the U.S . and 
Canada have a significant influence on the price a Maine grower achieves in 
any season. 
The yield also may be influenced by a number of environmental factors 
beyond the complete control of the grower. Factors such as heat units avail-
able to the plant over the course of the growing season, pest infestations, and 
amount of natural precipitation available during the growing season, all have 
an impact on the ultimate yield. Some environmental factors cannot be influ-
enced by production practices and, thus, must be taken as given. Others, 
however, have available remedies to alleviate at least some of their impact. 
For example, the tools developed for the management of pests and diseases 
help increse the ultimate yield. There are also various technologies for 
controlling the water available to the plant during the growing season, thereby 
improving the yield. These technologies range from structures that promote 
drainage or water retention to large-scale irrigation systems, such as center 
pivot systems, in common use in the West. 
1 
The Maine potato-growing areas receive enough naturally supplied 
water to produce at least a modest potato crop in almost all years. Indeed, the 
Maine potato industry has relied exclusively upon natural water for most of 
its history. In recent years, however, some growers have experimented with 
various methods to augment natural water availability through supplemental 
irrigation. These methods have not become a widespread industry standard in 
Maine, however. Lately, interest has shifted to the newer types of irrigation 
technology, primarily developed for agricultural production in arid regions of 
the country. 
The question has arisen among Maine potato growers and other indus-
try personnel whether these irrigation technologies can be transferred suc-
cessfully into humid growing areas such as in Maine and whether they can 
benefit the Maine potato industry. This report presents the findings of a stud y 
that attempts to answer the question of whether adoption oftwo of these newer 
technologies might be profitable for an individual grower in Maine. 
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The report is organized as follows. First, we present an overview of the 
Maine potato industry's progress relative to other growing regions in the U.S., 
followed by a review of the past studies pertinent to the adoption of irrigation 
technology. Then we describe the procedures followed in the present study. 
Following that, we discuss the results of physical response to water found in 
the study. Finally, we translate the physical responses to water into profitabil-
ity, and present conclusions based on the findings of the study. 
Overview of Maine Potato Industry 
This section contains a snapshot of the Maine potato industry over the 
past 40 years. It presents a historical perspective of the Maine industry, and 
how the trends in Maine compare with average trends for the U.S. potato 
industry as a whole. Figures 1 and 2 show acreage trends for Maine and for 
the U.S. Acreage both in Maine and the rest of the U.S. has declined slightly 
over the past forty years. Since the mid-1970s, however, planted potato 
acreage in Maine has declined faster than has acreage in the rest of the 
country. 
The trends in total Maine and U.S. potato production are presented in 
Figures 3 and 4. While total potato production in the rest of the U.S. has 
almost doubled in the past forty years, total production in Maine has declined 
over the period. Maine potato production as a percentage of total U.S. 
production has fallen steadily since the mid-1960s. During the 1950s and 
1960s, Maine produced about 15% of all potatoes grown in the U.S., a 
significant market share. Since the mid-1970s, however, that percentage has 
shrunk by about half, and the trend still seems to be downward. 
A large part of this relative downward trend in Maine production is due 
to declining relative yields, as shown in Figure 5. In the 1950s and 1960s, 
Maine yields averaged higher than the rest of the country, but in the past two 
decades this yield advantage has disappeared. Over the past decade, Maine 
yields have averaged only 85% of yields in the other growing areas in the U.S. 
This change is not due to a general decline of Maine yield, but to a dramatic 
increase in yields in other growing regions. This yield increase in some of the 
other growing areas is due, in part, to advances in irrigation technology. 
As can be seen in Figures 6 and 7, the average price Maine producers 
achieve compares much more favorably than does yield with the average of 
the other U.S. growing regions. The trend in potato prices (adjusted for 
inflation) has been dramatically upward for the past two decades. As a per-
centage of the U.S. average price, the Maine price has moved slightly upward 
since the early 1970s, as well, with Maine prices higher than the U.S. average 
in nine out of the last sixteen years for which data are currently available. In 
seven of those years, Maine prices have been over 115% of the U.S. average. 
It seems reasonable to conclude from this overview of the Maine 
industry that one ofthe factors explaining the decline in Maine's share of U.S. 
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Figure 1. Maine and Other U.S. Potato Acreage Planted 
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Figure 3 . Maine and Other U.S. Total Potato Production 
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potato production is the loss of yield advantage over the other U.S. growing 
regions. It is not surprising, therefore, that the Maine industry and individual 
growers are searching for profitable ways to improve Maine yields along with 
other strategies to improve grower profitability. 
Review of Past Work on Irrigation Profitability in the East 
There has been a large amount of research into crop response to 
applied, or supplemental, water over the past thirty years. Most of that re-
search, however, has been conducted in the Southwest and Far West, since 
many crops, including potatoes, require supplemental water to be grown there 
at all. Most of this research is not directly applicable to Maine, although many 
of the methods of analysis used in this research are transferrable. Very little 
research conducted in the humid areas of the country where supplemental 
water is not a necessity. Interest in supplemental water in the East is growing, 
however, and there are a few studies of eastern potato response to supplemen-
tal water or to water stress that have been completed in recent years. The 
following is a brief synopsis of some of the studies most relevant to the current 
study. 
5 
Irrigation in the Northeast is used primarily to produce high-value 
vegetable, orchard, nursery, and berry crops. Day and Homer noted in 1982 
that the Northeastern U.S. irrigated only 2.1% of its regional cropland as 
compared to 59.5% in the Pacific states. The irrigation picture in Maine is 
similar to that of the Northeast. Bajwa et a1. (1987) reported from 1982 farm 
census statistics that 3, 175 acres of potatoes were irrigated in Maine. That was 
approximately 3% of the total Maine potato acreage in production at that 
time, a proportion which has changed little in recent years. 
Even though the amount of rainfall in the Northeast, relative to the that 
of the arid Southwest and Far West, suggests a lower regional demand for 
irrigation, or supplemental water management, irrigation can still be profit-
able. A number of studies have demonstrated the general sensitivity of the 
potato plant to water stress. A number more have shown the benefits of 
irrigating in humid areas, specifically irrigation of potatoes in Maine, either 
by investigating the historical, physiological plant-water relationship or by 
identifying case study profitability. 
C.D. van Loon (1981) provides a broad discussion on the sensitivity of 
the potato plant to water stress and concludes from a review of literature that 
this sensitivity is variable across climate, soil, and plant or varietal character-
istics. He further elaborates on the various negati ve effects of water stress on 
marketable yield. 
An estimation of net benefits to irrigation for humid areas was pre-
sented by Huebner et al. (1984), accounting for the random nature of rainfall 
events. The study estimated gross benefits for irrigating Pennsylvania pota-
toes. These gross benefits were derived from summing predicted benefits 
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Figure 5. Maine Potato Yield as a Percentage 
of Other U.S. Yields 
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Figure 6. Maine and U.S. Average Real Potato Prices • 
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based on a water stress-yield function and net benefits based on costs corre-
sponding to three different irrigation systems over a period of 28 years. Net 
benefits were sensitive to system choice as well as interest rates, energy and 
labor costs, and alternative irrigation trigger thresholds. 
Benoit and Grant (1985) estimated the plant-water deficit effect on 
potato yields over 30 years of data from Aroostook County, Maine. Their 
1980 results led them to strongly, support the adoption of irrigation in the 
Aroostook River watershed to stabilize and maximize potato yields because 
they found a plant-water deficit even during the years of greatest rainfall. 
Their follow-up study in 1985 suggested that brief periods of water excess 
may also contribute to yield reduction. A multiple regression analysis led 
them to conclude that 46% of the variation in yield was due to either plant-
water deficit or excess. Their identification of perennial plant water deficits 
confirm those of Epstein (1971), who examined weather data in Caribou, 
Maine, and compared precipitation with potential evapotranspiration for 
potatoes and found significant periods of available water shortage during 
most years (1961-1970). 
Several studies have sought to identify the magnitude of the physical 
responses of potatoes to irrigation under different irrigation strategies. 
Murphy et al. (1974) examined specifically the Katahdin variety in Maine, 
between 1969 and 1971 and found a total yield increase due to irrigation of 
26 cwt per acre with no effect on specific gravity. A benchmark of 1 inch of 
water per week was considered optimal in the study. Jacob et al. (1952) 
compared various irrigation strategies on potatoes on Long Island, New York, 
between 1949 and 1951. They found that most irrigation strategies increased 
yield in each year relative to not irrigating, but also identified sub-optimal 
yields generated by over-irrigating. They concluded that specific gravity was 
more likely to increase in response to irrigation if it would deviate at all. 
Neither study, however, related returns to irrigation costs to identify a net 
benefit. 
One of the most complete economic analyses of irrigating potatoes in 
Maine was conducted by Pullen and Schrumpf (1962) between 1956 and 
1959. Citing Struchtemeyer, they concluded that inadequate rainfall during 
critical periods of plant growth reduced yield and quality, and called for a 
minimum of 1 inch of water per week during July and August. They reported 
weather station data that showed the high probabilities of insufficient rain. 
Experimental plots were observed on six farms for various years during 1956-
1959 that compared irrigated and not irrigated production. Positive yield 
responses to irrigation treatments were observed on all farms during all years, 
though statistical significance levels between irrigated-not irrigated means 
were not reported. Yield increases ranged from 31 to 95 cwt per acre. Net 
returns were identified as the increased yield, times th.e Maine farm price,less 
the cost of irrigating. Positive net returns were identified for all farms for each 
year in the study. 
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THE FIVE YEAR STUDY 
Description of Field Trials 
It should be noted at the outset that the research upon which this report 
is based is not the result of a controlled, scientifically designed experiment. 
Even though extraneous effects were controlled for as much as possible, the 
reported results are based upon field samples taken from commercial farms 
and, as such, the information-gathering techniques were designed to be as 
nonintrusive as possible. One result of this is that the variation in many of the 
measurements is expected to be greater than if the measurements had been 
from a controlled experiment. Another restriction of this type of study is that 
the range of treatment levels is not as large as desired. For example, it was not 
possible to control the potato varieties planted in each year, so information on 
some varieties was not sufficient for complete analysis. The rate and timing 
of irrigation water applications and other inputs, such as nitrogen, could not 
be controlled or varied in a systematic manner consistent with scientific 
methods of inquiry. Therefore, the results that follow in this report are 
conditioned upon the assumption that farmers' timing of irrigation, the 
amount of water per application, and adjustment of other inputs were optimal 
under their individual circumstance. 
Over the five years of the study, a total of four farms, onein the St. John 
Valley area, one in the Houlton area, and two in the Presque Isle area, 
participated by contributing potato samples from irrigated and unirrigated 
land, as well as consulting with the researchers about the costs of irrigating, 
etc. In any year, between two and four of the farmers were involved in the 
study. Two of the farmers irrigated with traveling guns and two used center 
pivot systems. 
Each farmer used tensiometer and soil moisture block readings, as well 
as weather reports and experience, to decide when and how much to irrigate. 
Each farmer relied to a different degree on the different sources of informa-
tion. For example, one farmer thought the tensiometer readings too unreli-
able, so he relied more heavily on intermediate range weather forecasts, such 
as those provided on th'e Weather Channel cable television network. The total 
supplemental water applied per farm per year differed depending on the farm-
specific rainfall and soil conditions, as well as the farmer's managerial 
decisions. 
Random samples of potatoes from irrigated and non-irrigated portions 
of fields were taken from areas as similar in soil characteristics, crop history, 
and topography as possible for each variety of potato planted. These areas of 
similarity were chosen in consultation with the farmers and with U.S. Soil 
Conservation Service personnel. The total number of samples taken per year 
ranged from fewer than 100 to over 380. This number depended on the total 
number of varieties grown, the number of participating farms, and the annual 
9 
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level of project funding. The samples were laid out to ensure at least three 
samples for each variety/irrigation treatment combination on each farm per 
year. 
In 1985 and 1986 the area of each sample was 1/1000 of an acre. In 
1987 through 1989, the samples were taken from the windrow, representing 
20 row feet. In all cases, the sample weights and other parameters were 
adjusted appropriately to a per acre basis. Beginning in 1987, each sample 
was divided equally by area into two halves. Each half was identified and 
weighed in the field and then randomly assigned to be sent to storage at 
Aroostook Farm or to be inspected for tablestock grading criteria. In the case 
of a potato variety routinely produced for processing, the graded half was 
divided again, with half assigned to be inspected for processing grading 
criteria and the other half for tablestock. Prior to 1987, separate, contiguous 
samples were taken for each assignment category. Examples of the forms 
used for identification and grading of the samples are found in Appendix A. 
Over the five years of the study, samples were taken for a total of 14 
potato varieties including; Atlantic, Belchip, Belrus, Chipewa, Coastal 
Russet, F1657, Katahdin, Kennebec, Norchip, Ontario, Russet Burbank, 
Russet Norkotah, Shepody, and Superior. As mentioned above, some of these 
were grown for only one or two years of the study and, thus, not enough lon-
gitudinal data were available for statistical analysis. Sufficient data were 
available and complete analyses were performed for the Atlantic, Belchip, 
Belrus, Chipewa, Katahdin, Norchip, Russet Burbank and Superior varieties. 
Yearly information on the varieties not included in this report can be found 
in the annual reports of the field trials listed in the bibliography and available 
from the authors. 
Weather and Probabilities 
Variation in weather during the growing season is an important deter-
minant of yield in most potato varieties. Over the course of the study, some 
growing seasons were unusual, based on long-run averages. Table 1 shows 
average seasonal rainfall for the Houlton and Presque Isle areas. Total June, 
July, and August rainfall at the farm in the Houlton area in 1986, for example, 
was unusually high with a higher rainfall total expected 20% of the time based 
on the long-run rainfall patterns in the area. The rainfall on the Presque Isle 
farms in 1986 was also higher. The three-month rainfall total in Presque Isle 
in 1987 was one that would be expected to be exceeded in 80% of the growing 
seasons. 
The heat units available to the potato plant in the months of June 
through the first week in September are presented both on an annual basis and 
as a ten year average in the form of growing degree days in Table 2. In both 
Presque Isle and Houlton, 1986 was the coolest growing season in the past ten 
years. The growing degree days for both locations in 1988, however, were 
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Table l. Seasonal rainfall by year and location with long-run probability 
of less rainfall 
YEAR 
1985 
1986 
1987 
1988 
1989 
Most Likely Seasonal 
Rainfall 
LOCATION' 
Houlton Presque Isle 
Total June, July and August Rainfall in Inches 
(Long-run probability of less total rainfall) 
12.45 
(.80) 
7.02 
(040) 
8.78 
(040) 
9.68" 
(.50) 
11.90 
(.70) 
6041 
(.20) 
9.31 
(040) 
9040 
10.17 
Note: Most likely June, July and August rainfall total for Central Maine is 9.05 inches and for 
the Sl. John Valley; 10.35 inches. 
'Source: Farm based or nearest national weather service weather station. 
bSource: Maine Rain. 
'Average of 2 farms. Generally, Farm 3 had more natural rainfall than Farm 2. 
Table 2. Seasonal growing degree days for Houlton and Presque Isle, 
Maine 
YEAR Houlton Presque Isle 
-------- Growing Degree Days(°C)a .............. 
1980 1269.0 1204.0 
1981 1292.7 1204.6 
1982 1192.7 1127.7b 
1983 1353.2 1278.2 
1984 1334.3 1277.1 
1985 1196.8 1202.2 
1986 1090.2 1100.2 
1987 1173.0 1222.4 
1988 1287.4 1245.7 
1989 1194.9 1207.8 
1980-1989 Mean 1238.4 1207.0 
Source: Temperature data from New England Climatological Data, NOAA. 
'Growing Degree Days = L(T-4.4·) T where is mean daily temperature in °C (See Grant and 
Benoit, 1989). Total of June, July, August and the first week of September. 
bJuly data represents a mean from weather stations surrounding Presque Isle at Bridgewater, 
Caribou WSO AP, and Squa Pan Dam. 
II 
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Table 3. Applied irrigation water by year and location 
Year 
1985 
1986 
1987 
1988 
1989 
Min. 
1.50 
2.25 
Houlton 
Mean Max. 
1.50 1.50 
2.25 2.25 
Presque Isle 
Min. Mean Max. 
inches 
1.80 2.01 3.00 
0.96 1.75 2.29 
2.55 4.02 5.80 
1.39 2.08 2.83 
0.60 2.87 5.41 
above average. Over the past ten years, the Houlton area has experienced 
slightly warmer growing season temperatures than the Presque Isle area. 
The variable weather patterns over the years of the study are reflected 
in the annual irrigation water totals as shown in Table 3. As expected, there 
is an apparent inverse relationship between the total rainfall and total applied 
water over time. In Presque Isle more than twice as much water was applied 
during the dryest year of the study, 1987, than during the wettest year, 1986. 
It is interesting to note that, although 1988 and 1989 crop seasons in Presque 
Isle experienced almost identical rainfall totals (Table 1), the total applied 
water was, on average, greater in 1989. This points out the potential 
importance of the timing of rainfall during the growing season. Even though 
the total rainfall was about the same in 1989, there was a longer period of dry, 
hot weather than in 1988, which resulted in more applications of irrigation 
water. 
Over the five years of the study and across all farms, the total applied 
water ranged from a minimum of 0.60 inch to 5.80 inches, a difference of over 
fi ve inches. The obvious variability in weather and, therefore, total irrigation 
water requirements as well as the benefits from irrigation make the decision 
to invest in irrigation a difficult and risky one. The next section presents the 
results of combining information across years and farms into a more system-
atic statistical framework. This framework can assist the farmer in making 
this decision. 
THE STUDY RESULTS 
The Annual Response to Irrigation 
Each year randomly chosen samples of each variety grown were taken 
from the irrigated and unirrigated portions of the fields. The average sample 
weights were calculated by variety and irrigation treatment and compared 
statistically. Table 4 presents the annual average differences between irri-
gated and unirrigated sample weights (on a cwt-per-acre basis) by variety. 
The variation in these differences is striking. Only two varieties, Norchip and 
Superior, showed a consistent gain from irrigation each year. Even in these 
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two cases, the gain was not statistically significant in all years. Two varieties, 
Atlantic and Belchip, showed a loss in more than one year, although in neither 
case was it statistically significant. The difference between irrigated and 
unirrigated average sample weights ranged from a loss of 33.2 cwt per acre 
to a gain of over 150 cwt per acre; both of these extremes occurred in the 
Russet Burbank variety. 
The results in Table 5 illustrate the separate and interactive effect of 
growing season temperature on the gain from irrigation. Average differences 
between irrigated and non irrigated samples by variety are arranged in ascend-
ing order of natural precipitation amounts with the total growing degree days 
and location noted as well. If water were the dominant factor, the yield and 
quality differences (as measured by the weight difference of U.S. No. 1 
potatoes) should be consistently highest where the natural rainfall is the 
lowest. A cursory examination of Table 5 shows that this is not the case. For 
example, in the Norchip variety the largest gain in average sample weight 
occurs at the least amount of natural rainfall as expected, but the next largest 
gain occurs with the most natural rainfall for that variety in 1985. Notice that 
over 100 more heat units were available in 1985 compared to the lowest 
rainfall year of 1987. This result also appears in the Russet Burbank variety. 
The lowest rainfall year (1987) is associated with the largest loss both in terms 
of yield and quality. The largest gain in each case is associated with the 
second lowest rainfall year, but a year with almost 200 more growing degree 
days than 1987. 
Table 4. Annual yield comparisons between irrigated and not irrigated 
samples by variety 
YEAR 
1985 1986 1987 1988 1989 
Variety -"------------------ cwt per acre --------------------
Atlantic 13.8 -5.7 4.8 -11.6 
Belchip -28.1 -11.3 41.6" 90.4" 
Belrus 38.9" 42.9 -4.5 18.1 
Chipewa -26.0 12.6 55.3" 11.6b 
Katahdin 25.2 -2.1 87.1'" 33.8 72.6 
Norchip 107.0'" 34.0'" 133.4'" 51.Y' 26.1 
Russet Burbank 33.0 11.4 -33.2 151.3'" 
Superior 39.2 10.2 93.7'" 85.2'" 55.6'" 
aNo paired observations available. 
bInsufficient sample size to test mean differences. 
'C,"')Mean irrigated yield is significantly different than the not-irrigated yield 
at the 90% (95%,99%) confidence level. 
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The Yield Response Function 
It is clear from evidence such as that reported in Table 5 that it is 
important to account for the growing degree days during the season, as well 
as the total water available to the crop, when attempting to explain the general 
response of each variety to water. Other factors may be important as well. The 
interactive effect of nitrogen, for example, in the response of potato to water 
may be important. This effect is beyond the scope of the present work and 
must await more detailed investigation. 
Another important factor not accounted for in this study is the water 
available to the plant in months other than June through August. Particularly 
in the spring, available water can make a difference in germination rates and 
initial growth rates. Weather stations to measure rainfall were not installed 
until late May of each year, however, so early water availability was not 
measured. Because of this "left out" variable, it is possible to estimate only 
a segment of the total potato-water production function, and the statistical es-
timate derived from the information available is not expected to explain a 
large percentage of the total variation in the yield and quality measurements. 
If data for all relevan t explanatory variables were available, the general 
response function to water would be expected to be similar in shape to the 
function depicted in Figure 8. At very low levels of water, from 0 to "a" 
inches, each additional inch of water available to the plant would result in a 
proportionally large gain in yield. At higher levels, from "a" to "b" inches, 
there would still be a gain from adding more water, but the marginal gain 
would begin to diminish. Eventually the maximum yield would be reached, 
and additional water after that point would result in a loss of yield. If, for 
example, the range of total available water observed in the study were from 
"a" to "b", then the statistical estimates of the response function should be 
representative of only the segment of the total response function within this 
range. 
There are a number of functional forms suitable for statistical estima-
tion of a production, or response, function. The important properties a 
functional form must have to represent this type of response segment allow 
for interactive effects between the two inputs, water and growing degree days 
and allow for the changing marginal gain from increased water use. The 
quadratic and the Cobb-Douglas (log-linear) functiof.lal forms allow for these 
two properties. Other, more complicated, functional forms do also, but since 
the objective of the study is to examine total response and not the relationship 
between the inputs, the increased complexity is not warranted here. Both 
functional forms were tried for each variety, and in all cases the log-linear 
form was the better statistical fit. Therefore, only the log-linear regression 
results are reported. 
Table 6 contains the regression results for the yield response to water 
and growing degree days by variety and farm where appropriate. In all but two 
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Table 5. Changes in irrigated versus not irrigated yield at different 
precipitation levels 
Growing 
Irrigated-Not irrigated Degree 
Precipita. Days '" U.S. No. II 
Variety tion (inches) (CC) Farm Year '" Cwt/Acre Acre 
Atlantic 5.40 1090.2 P 1987 +4.8 · 15.4 
8.55 1194.9 P 1989 -11.6 -13.1 
10.27 1173.0 P 1986 -5.7 -26.1' 
11.27 1196.8 P 1985 +13.9 +0.8 
Belchip 5.40 1090.2 P 1987 +41.6" +10.6 
9.02 1287.4 P 1988 +90.4" +68 .0 
10.27 1173.0 P 1986 -11.4 -17 .6' 
11.27 1196.8 P 1985 -28.1 -21.5 
Belrus 7.42 1090.2 P 1987 +42.9 +40.8 
9.59 1287.4 P 1988 -4.5 -8.8 
10.26 1194.9 P 1989 +18.1 +9.6 
11.68 1173.0 P . 1986 -7.1 +3.0 
12.45 1109.2 H 1986 +67.2""' +59.8 '" 
Chipewa 5.40 1090.2 P 1987 +55.3 +25.1 
8.55 1194.9 P 1989 + 11.6' +O.Oa 
10.27 1173.0 P 1986 +12.6 +9.3 
11.27 1196.8 P 1985 -26.0 -38S 
Katahdin 5.40 1190.2 P 1987 +87.1'" +44.2 
8.55 1194.9 P 1989 +72.6 +100.2 
9.02 1287.4 P 1988 +33.8 +35.4 
10.27 1173.0 P 1986 -2.1 +19.8 
11.27 1196.8 P 1985 +25.2 +19.7 
Norchip 5.40 1090.2 P 1987 +133.4'" +69.6'" 
8.55 1194.9 P 1989 +26.4 +32.8 
9.02 1287.4 P 1988 +51.5" -5.2 
10.27 1173.0 P 1986 +34.0'" +31.2"" 
11.27 1196.8 P 1985 +107.0'" +91.4" 
Russet Burbank 7.42 1090.2 P 1987 -33.2 -3 1.9 
9.59 1287.4 P 1988 + 154.4'" +143.1'" 
11.27 1196.8 P 1985 +33.0 +46.2"" 
11.68 1173.0 P 1986 +40.1'" +35.5' 
12.45 1109.2 H 1986 -13.0 -16.0 
Superior 5.40 1090.2 P 1987 +93.7''' +73.3'" 
8.55 1194.9 P 1989 +95.5''' +60.9" 
9.02 1287.4 P 1988 +26.7 +17.2 
9.59 1287.4 P 1988 + 120.0'" +104.8'" 
10.27 1173.0 P 1986 +10.2 +16.5 
11.27 1196.8 P 1985 +39.2' +86.4' 
P = Presque Isle; H= Houlton. 
'Not enough observations to statistically test differences. 
·('"·· .. )Differences are statistically significant at the 90% (95%, 99%) confidence level. 
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Table 6. Log-linear total yield response to water and growing degree days 
for various potato varieties 
Ln Ln 
Variety Intercept' (Water) (GDDays) DF#3b N R2 
Atlantic (Farm 2) -13.60" 0.081 2.72'" 79 .53 
(2.1 9) (0.066) (0.30) 
Belchip (Farm 2) -8.03" -0.241'" 2.03'" 90 .39 
(2.60) (0.091) (0.36) 
Belrus (Farm 3) -0.80 -0.008 0.93" 126 .12 
(2.27) (0.113) (0.30) 
Belrus' (Farm 1 & 3) -4.89 0.233 1.32** 0.757'" 160 .68 
(3.54) (0.174) (0.46) (0.052) 
Chipewa (Farm 2) -10.26'" 0.134" 2.26'" 74 .48 
(2.08) (0.052) (0.29) 
Katahdin (Farm 2) -3.38' 0.236'" 1.24'" 94 .26 
(1.72) (0.059) (0.24) 
Norchip (Farm 2) -7.09'" 0.295'" 1.74'" 103 .30 
(2.10) (0.064) (0.29) 
Russet Burbank (Farm 3) -13 .53'" 0.033 2.74'" 182 .39 
(2.45) (0.123) (0.32) 
Russet Burbankd (Farm 1 & 3) -15.19'" 0.158 2.93'" -0.043 266 .34 
(2.36) (0.115) (0.31) (0.028) 
Superior (Farm2) -0.36 1.181" 0.84 120 .09 
(2.02) (0.072) (0.28) 
Superior (Farm 3) -39.80'" 1.327""' 5.99'" 34 .49 
(14.46) (0.245) (1.98) 
-1.02 0.240'" 0.91'" 154 .13 
(2.01) (0.070) (0.28) 
'Standard error in parentheses. 
bDummy variable for Farm 3. 
'Belrus Farm 1 data available only for 1988. 
dRusset Burbank Farm 1 data available only for 1986. 
"C')Parameter estimate is statistically significantat the 95% (99%) level of 
confidence. 
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cases, the Belchip variety and the Belrus variety on farm 3, there was a 
positive sign on the water coefficient. Even though some of the parameter 
estimates taken separately, were not significantly different from zero, all 
variables were left in the models to allow for the additive effect between water 
and growing degree days discussed earlier. The effect of increased growing 
degree days was positive and significant in all cases. As expected, the esti-
mated response relationships did not explain a large proportion of the vari-
ation in yield as summarized in the R2 statistic. The R 2 statistic measures the 
proportion of total yield variation explained by the variables included in the 
model. Since many factors other than water and growing degree days influ-
ence yield, it is not surprising that the regression models explain only about 
one-third to one-half of the total variation in yield. 
Combining data from different farms resulted in higher explanatory 
power for the Belrus variety, about the same explanatory power for the Russet 
Burbanks, and significantly lower explanatory power for the Superiors. The 
low R2 for the Superior regression for farm 2 is probably due to some of the 
unirrigated area receiving some irrigation water from a small, hand-move 
system in some years. Although every effort was made to eliminate data 
points labeled unirrigated, but potentially receiving some supplemental 
water, it is possible that some were left in. It was decided, then, that the 
regression for Superiors based only on information from farm 3 was the 
preferred model, and that model was used in the profitability calculations 
reported in the last section. For the other two cases where there was a choice 
of models, the model with the higher R2 was chosen for the profitability 
analysis. 
Figures 9 through 16 depict the response function segments derived 
from the regression results over the range of observed total June, July, and 
August water (5 to 14 acre-inches) at the mean level of growing degree days 
in Presque Isle (1,207). For reasons of confidentiality, the response functions 
are presented as deviations from mean response, rather than as total yield 
response. The following explanation, given for the Norchip variety (see 
Figure 14), should serve to clarify for the reader the meaning of each figure. 
In a year with average rainfall (about 10 inches in Presque Isle, see Table 1), 
there would be no yield loss or gain with un irrigated Norchips. Even in an 
average rainfall year, however, there would bea gain of approximately 40 cwt 
per acre if the Norchips were irrigated with four acre- inches of water. If the 
total natural rainfall occurring during June, July, and August were only five 
inches (i.e., it was an unusually dry year), for irrigated Norchip variety 
potatoes, this would result in a loss of approximately 75 cwt per acre relative 
to what would be expected in a year of average rainfall under these same 
conditions if the Norchips were irrigated with nine acre-inches of water, a 
total yield gain of 115 cwt per acre [40 - (-75)] could be realized. If, on the 
other hand, it turned out to be an unusually wet year with natural rainfall of 
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about 12 inches, the gain from applying two acre-inches of irrigation water 
would be approximately 20 cwt per acre in the Norchip variety. 
Notice the differences in the varietal response to water. The Atlantic 
variety responds very little to changes in available water and, thus, is not 
expected to be as profitable a variety to irrigate as the Norchips, for example. 
The Belchips responded negati vel y to increases in available water. This cou ld 
be because the Belchip variety needs much less water on average than the 
other varieties tested or because of some unknown sampling problems with 
that variety. Further study of this variety, if it is expected to be grown in 
significant commercial quantities in Maine in the future, is warranted. 
The Quality Response to Irrigation 
Additional water available to the crop may affect not only yield, but 
also some of the physiological processes that result in the final crop quality. 
In many crops, most quality parameters have little economic meaning, but for 
potatoes, quality is important in determining value. Particularly in the ta-
blestock and processing markets, the quality of a load of potatoes is important 
in determining the price received by the grower. The parameters that have 
economic meaning differ depending upon the market destination. Processors, 
for example, are not so much concerned with the outward appearance of the 
potato, but the size and internal quality are quite important. Tablestock 
markets demand uniformly sized, unblemished potatoes that are relatively 
free of internal defects as well. 
Table 7 presents the overall quality response to irrigation by variety in 
terms of the proportion of the average sample falling into the cull or under-
sized categories and the remaining size distribution of the U.S . No.1 potatoes. 
In four out of the eight varieties tested, there is a statistically significant 
increase in the proportion falling into the cull category with irrigation. Look-
ing at these increases from an economic standpoint, however, it is difficult to 
assess whether these increases in proportion (on the order of four to five 
percentage points) has important economic meaning. The grading criteria are 
more complex than just rejection of all potatoes falling into the cull category. 
On the whole, there seem to be fewer potatoes in the undersize category 
in the irrigated samples, but this difference is statistically significant only in 
the Belrus variety. Taken together, the results in table 7 lead to the conclusion 
that there were few important economic differences in quality resulting from 
irrigation. 
19 
The breakdown of the overall results into the various categories of 
defect is presented in Figure 17. Again, the sample information reveals no 
major differences in defects. The relatively high percentage of sunburn 
encountered in the samples is due to the fact that many of the samples were 
produced for seed. Sunburn is not a serious defect for seed producers, so they 
would not incur additional costs to reduce it. There was a slight increase in 
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Figure 9 . Atlantic Response Functions 
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Figure 10. Belchip Response Functions 
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Figure 11. Belrus Response Functions 
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Figure 12. Chipewa Response Functions 
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Figure 13. Katahdin Response Functions 
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Figure 14. Norchip Response Functions 
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Figure 15. Russet Burbank Response Functions 
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Figure 16. Superior Response Functions 
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sunburn, hollow heart, and wireworm detected in the irrigated samples over 
time. This difference was statistically significant in the cases of hollow heart 
and wireworm, but not in the case of sunburn (see Appendix table B.2). These 
differences are so slight that they are probably not economically significant. 
Further research under controlled conditions with respect to the most eco-
nomically important defect categories must be undertaken before a more 
precise conclusion can be reached. 
More detailed information about the varietal quality differences is pre-
sented in Appendix B. Paired statistical tests were performed on the differ-
ence in mean sample proportion in each category for each variety, as well as 
Table 7. Average proportion of sample within cull or size classification by 
variety 
-------------- Inches Diameter - ----- - -- - --
Cull' <1.5 1.5-2.5 2.5-4 4+ 
Atlantic 
Irrigated 12.9" 1.1 31.7 54.8 0.2 
Not-Irrigated 8.4 1.3 34.2 55.7 0.2 
Belchip 
Irrigated 11.1"" 1.8 33.4 52.4 0.5 
Not-Irrigated 6.9 1.9 31.7 55.7 0.1 
Belrus 
Irrigated 7.4"" 1.8"" 65.3 25 .7 0.1 
Not-Irrigated 3.7 3.6 66.1 25 .3 0.0 
Chipewa 
Irrigated 7.2 1.1 25.3 64.2 1.4 
Not-Irrigated 6.0 1.1 24.9 65.6 2.5 
Katahdin 
Irrigated 20.3 0.4 15.8 63.9 3.8 
Not-Irrigated 20.0 0.7 16.3 63.7 2.4 
Norchip 
Irrigated 15.6"" 1.7 37.2 48.6 0.1 
Not-Irrigated 11.3 1.6 40.8 48.5 0.0 
Russet Burbank 
Irrigated 12.9 2.4 55.7 30.2 0.0 
Not-Irrigated 14.2 3.4 54.5 29.3 0.8 
Superior 
Irrigated 9.8 0.4 24.1 63.5 1.6 
Not-Irrigated 8.0 0.6 27.1 61.8 0.7 
aculls include all defect categories except undersized. Note that many varieties were 
produced for seed, in which case, sunburn would not be considered a serious defect. 
Therefore, the total proportion of each sample in the cull category is greater than 
would be the case if they had been grown for tablestock. However, comparison of 
the differences remains valid. 
" "" = Statistical significance at the 90% (95%) confidence level. 
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Figure 17. Defects by Category for All 
Varieties; Irrigated vs Not Irrigated 
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tests of the difference in the variance of the proportions in each category. 
There were not many cases where a statistically significant difference in 
either the mean proportion or the proportion variance was found. Further 
evidence on the quality response is presented in Appendix Table B.3. 
Regressions similar to the yield response regressions were performed with the 
total sample weight of U.S. No.1 grade potatoes as the dependent variable. 
In general these marketable yield regression models explained less of the total 
variation in marketable yield compared to the total yield models, and the 
parameter estimate for the effect of water was statistically significant in only 
four out of twelve cases. This further supports the conclusion that the 
proportion of marketable yield is not affected to an important degree by 
irrigation. This aspect of the study, however, should be conducted in a more 
controlled environment to investigate further the potential effects of irriga-
tion on quality. 
Potato quality affects total revenue in a complex way through inspec-
tion and grading'criteria. Since the quality effects seem to be less important 
and because the resulting total revenue from quality changes cannot be priced 
precisel y, the profitability measures presented in the last section are based on 
yield response only. The profitability for a range of potato prices is reported, 
however, so the reader can see the potential impact of changing potato quality 
through changes in average price. 
1HE COST OF IRRIGATING 
The decision to invest in irrigation depends not only on the expected 
response from the supplemental applied water, but also on the expected costs 
of the irrigation. When deciding to invest in irrigation equipment, the cost of 
the equipment, the cost of developing the water source, and the variable costs 
of applying different levels of irrigation water are all part of the decision 
calculus. Once the decision to invest is made, however, only the variable 
application costs are relevant in deciding whether to irrigate. The following 
section contains a discussion of the costs of the irrigation. The basic costs 
presented are taken from the actual experience of the cooperating producers, 
are all adjusted to reflect 1990 prices, and are adjusted for various farm sizes 
using the researchers' best judgement about a typical system and water source 
configuration at the various acreage levels. These costs, therefore, may not be 
the costs faced by any other individual producer. Field layout, proximity to 
sufficient surface or groundwater, and choice of system all significantly 
influence the costs that will be incurred by an individual. 
An important cost that is not included here is the opportunity cost of the 
owner/manager's time expended in making this decision and, once it is made, 
making all the arrangements for water source development, land preparation, 
and system set-up, as well as the time expended during water application. 
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This cost can be substantial and should be considered carefully by any 
individual thinking about investing in irrigation equipment. 
In what follows, only broad categories of costs are discussed forreasons 
of confidentiality. An attempt is made, however, to make the costs presented 
reflective of a variety of individual situations by varying the irrigated acreage 
and, thus, the equipment and water source configuration so that the reader will 
have a number of scenarios from which to choose the one that best represents 
his or her individual situation. 
Ownership Costs 
Ownership costs are those costs to which the farmer is obligated regard-
less of the level of use of the irrigation system. If for example, a growing 
season happens to provide ideal natural amounts and timing of water for 
potatoes and the irrigation system is not used at all, the ownership costs would 
still have to be paid. These costs can be c~tegorized as equipment costs, water 
source development costs, and land preparation costs. 
Equipment Costs 
The initial cost of acquiring the equipment required for large-scale 
supplemental irrigation can be substantial. A large center pivot system can 
cost in excess of $100,000. Additional investment in pipe, pumps, and 
generators is usually necessary, and these, too, can be quite expensive. The 
cooperating farmers in this study generally purchased a basic system and then 
added to it over time as finances allowed. The cost estimates made for the 
purposes of the study, however, assume that all of the investment in equip-
ment takes place in the first year, and all cost figures are adjusted to reflect 
the value of the dollar in 1990. 
Equipment costs will vary with the type of system chosen (center pivot 
or traveling gun), the acreage to be irrigated, the farm topography and field 
size, the distance from the water source, and the amount of lift required to 
deliver the water to the field. For purposes of the study, certain assumptions 
were made regarding the amount of equipment required to irrigate various 
sized farm. The smallest irrigated acreage considered was 70 acres. This 
acreage represented the maximum acreage that could be irrigated in one year 
with one traveling gun . Therefore, it was assumed that in order to irrigate 200 
acres, three 70-acre guns would be required, and five 70-acre guns would be 
required to irrigate 300 acres. 
If a center pivot system is used to irrigate 70 acres, we assumed the 
farmer would purchase a system capable of irrigating approximately 35 acres 
at a time and would move the system once every time water was applied 
during the growing season, for a total of 70 irrigated acres. If 200 acres were 
irrigated, it was assumed that one large pivot would be used to irrigate 100 
acres and would not be moved. The second 100 acres would be irrigated with 
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a smaller pivot capable of irrigating 50 acres at a time and which would be 
moved once with every water application, for a total of 200 irrigated acres. 
The 300-acre configuration is assumed to be similar to the two hundred acre 
configuration with another 50-acre, movable pivot added. 
Property taxes and insurance costs for the equipment were taken from 
actual rates in Aroostook County in 1990. 
Water Source Development 
Large-scale irrigation requires that a substantial amount of water be 
available and easily accessible throughout the growing season. The larger the 
planned irrigated acreage is, the larger the water supply must be. All of the 
cooperating farmers in the study used surface water for irrigating. Most of 
them developed or improved existing farm pond reservoirs, but one drew 
water from the Aroostook River. For purposes of the study, actual water 
source development costs were used, adjusted to 1990 dollars, for the 200-
and 300-acre center pivot cases and for the 70-acre traveling gun case. These 
costs were adjusted proportionally for the other farm sizes considered. 
Land Preparation 
Both types of irrigation equipment considered in this study are mobile, 
they move over the field as the water is applied. Therefore, given the general 
topography encountered in Maine, a certain amount of land preparation is 
required in order for the equipment to move efficiently over the field. This 
preparation includes tree and stump removal, land leveling, and boulder 
removal in some cases. The land preparation costs are assumed to be propor-
tional to the irrigated acreage and.are taken from actual costs incurred by the 
cooperating farmers, adjusted to 1990 dollars. 
Anyone who is considering investing in irrigation should investigate 
carefully the above categories of costs as they apply to his or her farm 
situation. Although an effort has been made to make t~e estimates presented 
here as representative as possible, each farm situation will be different, and 
the total required investment for an individual could be quite different from 
any of these scenarios. 
Table 8 contains the total estimated investment for each equipment 
type/acreage scenario considered in the study. The total required investment 
ranges from just under $66,000 to over $330,000, depending on the scenario. 
These initial investment costs were spread out over the expected equipment 
life of 15 years, using the capital recovery method. This method is designed 
to reflect the annual economic cost of an investment. It considers the 
economic loss-in value over time ofthe equipment, the interest payments, and 
the salvage value of the equipment. 
These annual costs of capital recovery for each scenario are also 
presented in Table 8. They range from $72 per acre for the 70-acre traveling 
gun to over $175 per acre for the 70-acre center pivot. 
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Taxes and insurance payments were put on a per-acre basis and added 
to the capital recovery costs to calculate the total annual ownership costs per 
acre for each scenario. These also appear in Table 8. Notice that the per-acre 
ownership costs for the center pivot systems decrease with increases in 
irrigated acreage. This suggests that larger acreage favors the center pivot 
over the traveling gun because of scale economies. The traveling gun, on the 
other hand, represents significantly lower per-acre costs for the smaller 
acreage situations. 
Variable Costs 
Variable costs are those costs associated with the use of the irrigation 
systems to apply supplemental water. They are made up of the fuel costs of 
running the system and the labor costs to operate and move the systems, where 
appropriate. Both of these costs will depend on the level of use of the system 
during the growing season. 
Table 8 also presents the variable costs of irrigating for each scenario. 
They were taken from actual costs incurred by the cooperating farmers and 
Table 8. Annual Costs Per Acre by System and Acreage Irrigated" 
------ Center Pivot ---- ---- Traveling Gun ------
------------------------ Acreage Irrigated ----------------------
70 200 300 70 200 300 
------------------ Equipment Configuration ----------------
(1 small) (1 large (I large 1 gun 3 guns 5 guns 
1 small) 2 small) 
Variable Costs (Per inch of applied water) 
Fuel $481 $1374 $2061 $301 $860 $1290 
Labor $221 $630 $945 $830 $2370 $3555 
Total Variab1e 
Cost Per Inch $702 $2004 $3006 $1131 $3230 $4845 
Variable Cost 
Per Acre-Inch $10.02 $10.02 $10.02 $16.15 $16.15 $16.15 
Annual Ownership Costs (Per acre) 
Capital Recovery $176 $121 $111 $72 $101 $111 
Taxes and 
Insurance $10 $14 $16 $17 $18 $20 
Total Annual 
Ownership Cost $186 $135 $127 $89 $119 $131 
Total Estimated (Thousand dollars) 
Initial Investment $121.7 $254.0 $333.9 $65.9 $204.2 $335.7 
'Total farm size is twice the irrigated acreage assuming a 2-year crop rotation plan. 
All costs are in 1990 dollars . 
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also adjusted to reflect 1990 energy costs and wage rates. Equipment main-
tenance and repair costs are included in these costs, except where a significant 
replacement part was purchased. The cost of significant replacement parts 
was included with the initial investment cost. Over the five years of the study, 
as the farmers became more familiar with the irrigation systems, these 
variable costs declined. The costs as they are reflected in Table 8 represent the 
variable costs per inch of applied water during the most recent two years of 
the study. 
The center pivot systems are less labor intensive than the traveling gun 
systems, requiring an average one-fourth of the labor costs per inch of applied 
water. On the other hand, the traveling guns require only about 60-75% of the 
energy costs of the center pivot configurationslO irrigate the same area. The 
total variable cost per acre inch was estimated to be approximately $10 for the 
center pivot and just over $16 for the traveling guns, assuming the energy and 
labor costs prevailing in Maine in 1990. 
PROFITABILITY RESULTS 
Before-Tax Net Returns Per Acre 
The net benefits from investment in irrigation equipment will depend 
upon a host of factors and, as a result, cannot be calculated precisely. They 
can, however, be estimated under various sets of assumptions to ascertain 
their sensitivity to changes in these factors. Tables 9 and 10 present estimated 
annual before-tax profits (or losses) attributable to irrigation under some 
different sets of assumptions. 
There are also several assumptions maintained throughout the calcula-
tions presented in Tables 9 and 10. The reader should keep them in mind when 
evaluating these results. The first of these is that the estimated response 
functions presented earlier represent well the actual yield response expected 
to occur in any growing season. Many factors that could affect yield are not 
considered in this analysis because not enough is known about them at this 
time. Further investigation is heeded to refine the response functions. One 
important piece of information missing from this analysis is the nature of the 
yield response at total June, July, and August water levels above 14". These 
higher levels were outside of the range of ,observation during the study, and 
for some varieties, higher water levels could result in additional gain. During 
the later years of the study, it appeared that the cooperating farmers were 
reluctant to go beyond 14" of total June, July, and August water. We, 
therefore, assumed this was the optimal amount of total available water 
during the three months and used that amount as the objective of irrigation for 
our calculations. Again, this assumption could result in an underestimation of 
the gains for some varieties, but it is the best benchmark we have at this time. 
Another maintained assumption is that the long-term average rainfall 
observed in Presque Isle is the total natural rainfall in each year for the three 
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Table 9. Expected annual, before-tax net returns per acre by irrigation system, 
variety, acreage and price 
Price! ------ Center Pivot - ----- ---- Traveling Gun ----
Variety Cwt. 70 ac. 200 ac. 300 ac. 70 ac. 200 ac. 300 ac. 
---.----------------.- -. $ per acre -- --. ---- . -------- -- ----- -
Belrus 3.50 -137.29 -86.29 -78 .29 -94.77 -93 .77 -105.77 
5.00 -99.97 -48.97 -40.97 -57.45 -56.45 -68.45 
6.50 -62.65 -11.65 -3.65 -20.13 -19.13 -31.13 
8.00 -25.33 25 .67 33.67 17.19 18.19 6.19 
10.50 36.87 97.97 95.87 79.40 80.40 68.40 
Chipewa 3.50 -156.94 -105.94 -97 .94 -114.42 -113.42 -125.42 
5.00 -128.04 -77.04 -69.04 -85.52 -84.52 -96.52 
6.50 -99.14 -48 .14 -40.14 -56.61 -55.61 -67.61 
8.00 -70.23 -19.23 -11.23 -27.71 -26.71 -38.71 
10.50 -22.06 28.94 36.94 20.46 21.46 9.46 
Katahdin 3.50 -117.42 -66.42 -58.42 -74.89 -73.89 -85.89 
5.00 -71.58 -20.58 -12.58 -29.05 -28 .05 -40.05 
6.50 -25.74 25.56 33.26 16.79 17.79 5.79 
8.00 20.10 71.10 79.10 62.63 63.63 51.63 
10.50 96.50 147.50 155.50 139.03 140.03 128.Q3 
Norchip 3.50 -92.75 -41.75 -33.75 -50.23 -49 .23 -61.23 
5.00 -36.34 14.66 22.66 6.18 7.18 -4.82 
6.50 20.07 71.07 79.07 62.59 63.59 51.59 
8.00 76.48 127.48 135.48 119.00 120.00 108.00 
10.50 170.50 221.50 229.50 213.02 214.02 202.02 
Russet Burbank 3.50 -156.56 -105.56 -97.56 -114.04 -113.04 -125.04 
5.00 -127.50 -76.50 -68.50 -84.98 -83.98 -95.98 
6.50 -98.44 -47.44 -39.44 -55.92 -54.92 -66.92 
8.00 -69.38 -18.38 -10.38 -26.85 -25.85 -37.85 
10.50 -20.94 30.06 38.06 21.58 22.58 10.85 
Superior 3.50 -112.71 -61.71 -53.7 1 -70.19 -69.19 -81.19 
5.00 -64 .85 -13 .85 -5.85 -22.33 -21.33 -33.33 
6.50 -16.99 34.01 42.01 25.53 26.53 14.53 
8.00 30.86 81.36 89.86 73.39 74.39 62.39 
10.50 110.63 161.63 169.63 153.15 154.15 142.15 
'Atlantic and Belchip showed no positive net returns under the assumptions maintained 
in the study. 
32 Maine Agricultural Experiment Station Bulletin 832 
Table 10. Expected annual, before-tax net returns per acre to land and water 
source development by irrigation system, variety, acreage and price 
Price/ -- -- Center Pivot ------ - - -- Traveling Gun ------
Variety Cwt. 70 ac. 200 ac. 300 ac. 70 ac. 200 ac. 300 ac. 
------------------------ $ per acre ------- ---------------- ---
Belrus 3.50 -42 .62 -53.33 -56.32 -81.27 -86.59 -99.01 
5.00 -5.30 -16.01 -19.00 -43.95 -49.27 -61.69 
6.50 32.02 21.31 18 .32 -6.63 -11.95 -24.37 
8.00 69.34 58.63 55.64 30.69 25.37 12.95 
10.50 131.54 120.83 117.84 92.90 87.58 75 .16 
Chipewa 3.50 -62.27 -72.98 -75 .97 -100.92 -106.24 -118 .66 
5.00 33.37 -44.08 -47.07 -72.02 -77.34 -89.76 
6.50 -4.46 -15 .18 -18.17 -43.11 -48.43 -60.85 
8.00 24.44 13.73 10.74 -14.21 -19.53 -31.95 
10.50 72.61 61.90 58.91 33.96 28.64 16.22 
Katahdin 3.50 -22.75 -33.46 -36.45 -61.39 -66.71 -79.13 
5.00 23.09 12.38 9.39 -15.55 -20.87 -33.29 
6.50 68.93 58 .22 55.23 30.28 24.97 12.55 
8.00 114.77 104.06 101.07 76.13 70.81 58.39 
10.50 191.17 180.46 177.47 152.53 147.21 134.79 
Norchip 3.50 1.92 -8 .79 -11.78 -36.73 -42.05 -54.47 
5.00 58.33 47.62 44.63 19.68 14.36 1.94 
6.50 114.74 104.03 101.04 76.09 70.77 58.35 
8.00 171.15 160.44 157.45 132.50 127.18 114.76 
10.50 265.18 254.46 251.47 226.52 221.20 208.78 
Russet Burbank 3.50 -61.89 -72.60 -75.59 -100.54 -105.86 -118.28 
5.00 -32.83 -43.54 -46.53 -71.48 -76.80 -89.22 
6.50 -3.77 -14.48 -17.47 -42.42 -47.74 -60.16 
8.00 25.29 14.58 11.59 -13.35 -18.67 -31.09 
10.50 73.73 63.02 60.03 35.08 29.76 17 .34 
Superior 3.50 -18.03 -28.75 -31.74 -56.69 -62.01 -74.43 
5.00 29.82 19.11 16.12 -8.83 -14.15 -26.57 
6.50 77.67 66.97 63.98 39.03 33.71 21.29 
8.00 125.53 114.82 111.83 86.89 81.57 69.15 
10.50 205.30 194.59 191.60 166.65 161.33 148.91 
'Atlantic and Belch~ showed no positive net returns under the assumptions maintained 
in the study. 
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months. Recall from Table 1 that this total is 10.17 inches. We, therefore, 
assumed that 3.83 inches were required from the irrigation system each 
growing season. We further assumed that the irrigation water was applied in 
approximately 0.50 inch increments, resulting in an average of eight applica-
tions per season. The profitability results presented in Tables 9 and 10 also 
assume that the growing degree days each season are the long -run Presque Isle 
average of 1207. 
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Table 9 presents the expected per-acre profit under the above assump-
tions with different expected average potato prices, irrigation systems, varie-
ties grown, and acreage irrigated. All four of these factors are significant 
when determining profitability. For example, if the average price expected is 
$5.00 per hundredweight, a producer irrigating 200 acres with a center pivot 
system can expect a per-acre loss of$77 per acre when Chipewa's are grown. 
If Norchips are grown, however, a $ 14-per-acre profit can be expected. If a 
producer irrigates 300 acres of Norchips and expects a price of $5.00 per 
hundredweight, the choice of irrigation system makes a big difference. A 
$4.82-per-acre loss is expected with the traveling guns compared to a $22.66-
per-acre profit with the center pivot. This relative profitability is reversed if 
only 70 acres are irrigated, resulting in a $6.18-per-acre profit for the 
traveling gun and a $36.34-per-acre loss for the center pivot. 
None of the scenarios are profitable if the average potato price is 
expected to be only $3.50 per hundredweight. At $5.00 per hundredweight, 
only the Norchip variety has some profitable scenarios. As expected price 
increases, the number of profitable scenarios increases until at $10.50 per 
hundredweight, only two scenarios (Chipewa and Russet Burbank with a 70-
acre center pivot system) are not profitable. 
Table 10 presents the net returns calculations under the same assump-
tions as Table 9, except all land preparation and water source development 
costs are removed from the analysis. Since these are the costs expected to be 
the most farm-dependent, it is useful to examine the scenarios in the absence 
of these costs. The profitability calculations in Table 10 can be thought of as 
the net returns available each year to pay for the required investment in land 
preparation and water source development. For example, if a producer plans 
to grow Superiors, expects an average price of $6.50 per cwt. each year, and 
plans to irrigate 200 acres with a center pivot system, he or she can expect to 
support water source development and land preparation costs of $66.97 per 
acre (or $13,334 per farm on an annualized basis) and break even. 
Net Present Value 
The profitability measures in the previous section did not take into 
account two important factors, the timing of outlays and revenues and the 
effect of income taxes. Timing is important because the increased revenues 
expected from irrigating occur over future time periods and, therefore, do not 
have the same value to the producer compared to revenues received in the 
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present time period. The values of future revenues are discounted for two 
reasons. First, the producer does not have the use of those revenues until they 
occur. Therefore, in order to undertake an enterprise, such as irrigation, with 
a large initial investment, the producer must borrow the required capital 
either from himself or from a lending institution. Second, revenues occurring 
in future time periods are subject to increased uncertainty. The farther out in 
time a payment is expected, the more it is subject to uncertain future market 
conditions, etc. The result is that, in general, people place a higher value on 
payments expected in the present time period compared to future payments. 
That is, they tend to discount future payments. 
The effects of tax on the expected profitability of the irrigation invest-
ment are twofold. First, any net revenues or profit earned are subject to 
income tax payments. This lowers the profitability under every scenario. The 
second tax effect is positive, however. Irrigation equipment is eligible for 
accelerated depreciation for tax purposes. This produces higher net revenues 
in the early years of the investment and lower revenues in the later years. 
Since payments have a time value, as discussed above, investment profitabil-
ity tends to increase with accelerated depreciation. 
The profitability results presented in Table 11 take into account the 
effects of timing and taxes. The-net-present-value method is used to deter-
mine profitability. This method compares the appropriately discounted net 
cash flows over the useful life of the irrigation equipment to the level of initial 
investment. If the present (discounted) value of the net cash flows is greater 
than the initial investment, then the investment is considered to be profitable. 
That is, if the net present value is positive, the investment is profitable. 
In the examples presented in Table 11, all future revenues and costs are 
assumed to be subject to a 6% annual inflation rate, and the revenues are 
expected to occur in each year of the IS-year useful life of the system. 
Assuming average rainfall and temperature during the growing season (both 
Presque Isle and Houlton conditions are simulated) the expected yield gain is 
predicted from the estimated response functions in Table 5. The_n a value is 
placed on the expected gain in yield to calculate expected revenue in each 
year. Expected variable costs are then subtracted from the revenues, along 
with the net change in tax liability due to the accelerated depreciation, to 
calculate the net revenue in each year. Then the net revenues are reduced by 
the amount of income tax paid (assuming a 28% marginal tax rate) and 
discounted to reflect their present value. The present values are then added 
and compared to the level of initial investment reqUIred to calculate the net 
present value for each scenario. 
The net present values presented in Table 11 represent those expected 
for two locations, two average potato prices, two system configurations, and 
four potato varieties. Notice that the results for Houlton conditions are al ways 
better than those for Presque Isle conditions. This is because Houlton ' s long-
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run average rainfall is approximately 1 1/3" lower than Presque Isle. There-
fore, on average, the gains from irrigating are expected to be greater in 
Houlton, assuming the same level of costs. It could be, however, that it is more 
costly to develop a sufficient water source in the Houlton area. Further 
investigation of this question is needed before individual investment deci-
sions are made. 
CONCLUSIONS 
The results presented in this report lead to several general conclusions 
regarding the potential profitability of supplemental potato irrigation in 
Maine. The main conclusion drawn from the data is that irrigation will not be 
profitable for every producer in Maine. However, if it is not too costly to 
develop a water source and prepare the fields and if the producer is routinely 
able to achieve a relatively good price through planning and marketing 
efforts, irrigation could prove to be quite profitable for some varieties. Of the 
varieties investigated in this study, those most likely to be irrigated profitably 
include Katahdin, Norchip, and Superior". If Atlantics or Belchips are grown, 
it would not pay to irrigate. 
The decision as to which varieties to irrigate should not be confused 
with the decision as to which varieties to plant. This decision should be made 
taking account of the marketability, overall yield, and pest and disease con-
siderations, as well as whether the variety can be profitably irrigated. 
Many questions about profitability of irrigation and the overall contri-
bution of supplemental water within the larger scope of the potato growing 
environment have yet to be answered. For example, would higher applica-
tions of supplemental water result in greater profit? What is the expected 
profitability of irrigating other varieties commonly grown in Maine now or 
expected to be in the future? Can the same net gains be achieved through other 
methods of water management? Finally, what are the long-term pest and 
disease effects of supplemental irrigation? The answers to these and other 
important questions regarding water management must await further re-
search. 
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Table II.Net present values for selected varieties and irrigation 
equipment 
Expected Annual NPV Investment" NPV Investmenta 
Yield Difference Average Price Average Price 
= $5.50 = $8.00 
Location, Variety Cwt./Acre Dollars Dollars 
Presque Isle 70-Acre Traveling Gun 
Chipewa 19.27 -42,897 -19,601 
Katahdin 30.56 -13,387 +23,559 
Norchip 37.61 +5,041 +50,510 
Superior 3l.9l -9,858 +28,720 
Houlton 
Chipewa 29.52 -26,832 +8,856 
Katahdin 45.28 +14,362 +69,103 
Norchip 56.20 +42,905 +110,848 
Superior 46.95 +18,727 +75,487 
Presque Isle 200-Acre Center Pivot 
Chipewa 19.27 -123,001 -87,172 
Katahdin 30.56 -38,686 +36,140 
Norchip 37.61 +13,964 +316,187 
Superior 3l.91 -28,604 +50,885 
Houlton 
Chipewa 29.52 -65,468 +5,766 
Katahdin 45.28 +52,229 +177,901 
Norchip 56.20 +133,781 +297,172 
Superior 46.95 +64,701 +196,141 
aA 10% nominal discount rate, a 6% inflation rate, a 28% marginal tax rate and a 
15-year useful life are assumed. 
Note: Katahdin, Norchip and Chipewa were not among varieties s~died in Houlton. 
The regression results reported in Table 5 were used to simulate the expected gain 
under Houlton conditions. 
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APPENDIX A 
POTATO GRADING FORMS USED IN THE STUDY 
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1985 POTATO GRADING FORM--FRESH PACK AND SEED 
FARM __________ MAP ____ ~---- ROW _________ COLUMN , _______ _ 
DATE KILLED _________________ DATE HARVESTED ________________ _ 
FIELD WEIGHT __________________ LAB WEIGHT __________________ _ 
VARIETV ___________________ SPECIFIC GRAVITV ________________ _ 
U.6. '1 
SIZE DISTRl2UTION WEJ~T DliTRlPUTION 
1-1/2 TO 2 _______________ LBS. • TO 0 OZ. _______________ USS 
(0.Z6'-0.37') Z TO Z-1/4 _______________ LBS. 6 TO 7 OZ. _______________ LiS 
(o.~,.;.o .... -) 
2-1/4 TO Z-l/Z ___________ L&S. 7 TO e OZ. _______________ L2S 
(0.45'-0.50') 2-1/Z TO a-1/4 __________ L2S. e TO 9 OZ. _______________ LBS 
(0.61'-0.06') 3-1/4 TO 4 _______________ LBS. 9 TO 10 OZ. ______________ L2S 
(0.67'-0.62:') 4 TO 4-1/2 _______________ L~S. 10 OZ.T __________________ LB6 
(0.03'T) 4-1/Z+ ___________________ L&S. 
TOTAL U.S. _1 ______________________ L2S. 
CULLS 
UNDERSIZE ________________ LBS. 60FT ROT _______________ LBQ. 
FROST ____________________ LBS. SCA2 ___________________ L&6. 
SUNBURN __________________ LBS. OFF 6HAPE ______________ La6. 
WIRE WORM ________________ L2S. BLACK LEG ______________ L&6. 
HOLLOW HEART _____________ LBS. LATE fsLIGHT __________ UlS. 
GROWTH CRACK6 ____________ LB6. OTHER(identify) ________ LiS. 
SECOND GROWTH ____________ L&S. __________________ LBS. 
CUTS _____________________ LBS. 
Maine Agricultural Experiment Station Bulletin 832 41 
1985 POTATO GRADING FORM--PROCESSING 
FARM # _________ MAP # ________ ROW # ________ COLUMN # _______ _ 
DATE KILLED _________________ DATE HARVESTED ________________ _ 
FIELD WEIGHT _________________ _ LAB WEIGHT __________________ _ 
VARIETY __________________ _ SPECIFIC GRAVITY ________________ _ 
U.S. #1 PROCESSING ___________________ LBS. 
U.S. #2 PROCESSING ___________________ LBS. 
U.S. #2 PROCESSING OR BETTER, 10 OZ. AND UP _____________ LBS. 
CULLS 
UNDERSIZE ________________ LBS. SOFT ROT _______________ LBS. 
FROST ____________________ LBS. SCAB ___________________ LBS. 
SUNBURN __________________ LBS. OFF SHAPE ______________ LBS. 
WIRE WORM ________________ LBS. BLACK LEG ______________ LBS. 
HOLLOW HEART _____________ LBS. LATE BLIGHT ____________ LBS. 
GROWTH CRACKS ____________ LBS. OTHERlidentifyl ________ LBS. 
SECOND GROWTH ____________ LBS. __________________ LBS. 
CUTS _____________________ LBS. 
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1989 POTATO GRADING FORM - FRESH PACK AND SEED 
ALL RUSSET, ROUND AND LONG WHITE VARIETIES 
Farm # _ _ _ Ma p # __ _ Stored = 0, Fresh, inspected 
Variety Irrigated (1=Yes, 2=No) _ ____ _ 
Date Pl anted Date Harvested _____ _ 
Field Weight l bs. 
App l . Water in . 
Inches 
It to 1 7/8 
1 7/8 to 2 
2 to 2i 
21 to 2t 
2t to 31 
31 to 4 
4 to 4t 
4t+ 
lbs. 
l bs. 
l bs. 
lbs. 
lbs. 
lbs. 
lbs. 
l bs. 
Total U.S. #1 
Unders i zeD (O-U") 1 bs. 
Unders i zel « 2") l bs. 
Undersize2 « 2" 
or 4 oz.) lbs. 
--
Frost l bs. 
Su nburn l bs . 
Wire Worm lbs. 
Ho 11 ow Heart 1 bs. 
Growth Cracks lbs. 
Second Growth l bs. 
Lab Weight ___ lbs. Soi 1 
Specific Gravity 
U.S. 11 
Oz. 
4 to < 6 
6 to < 7 
7 to < 8 
8 to < 9 
9 to < 10 
10+ 
lbs. (2" minimum) 
CULLS 
Soft Rot 
Scab 
Off Shape 
Black Leg 
Late Blight 
Mech . Damage 
Other 
( Identify) 
lbs. 
l bs. 
l bs. 
lbs. 
lbs. 
l bs. 
l bs. 
lbs. 
lbs. 
lbs. 
lbs. 
lbs . 
lbs . 
Inspector's signature ___ ___ ________ _ 
NOTE: Report lbs . and 1/10 ths. of lbs . in each blank. If none, in 
category, report a zero. 
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Farm # 
Variety 
Date Planted 
Field Weight 
Appl. Water 
U.S. #1 
U.S. #2 
U.S. #2 
Undersize 
« 2" or 4 oz. ) 
Frost 
Sunburn 
Wire Worm 
Hollow Heart 
Growth Cracks 
Second Growth 
1989 POTATO GRADING FORM - PROCESSING 
RUSSET BURBANK ONLY 
Map # Last Digit = 2 
Irrigated (1=Yes, 2=No) 
Date Harvested 
lbs. Lab Weight . 
in. Specific Gravity 
Processing lbs. (2" or 4 oz. 
Processing lbs. (U" min. ) 
Processing or Better, 10 oz. and up 
CULLS 
lbs. Soft Rot 
--
Scab 
lbs. 
Off Shape 
lbs. 
Bl ack Leg 
lbs. 
Late Blight 
lbs. 
lbs. 
min. ) 
lbs. 
lbs. 
lbs. 
lbs. 
lbs. 
lbs. 
--
Mech. Damage lbs. 
lbs. 
Other lbs. 
lbs. ( identify) 
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Inspector's signature _____________ _ 
NOTE: Report lbs. and 1/10 ths of lbs. in each blank. If none in 
category, report a zero. 

APPENDIXB 
DETAILS OF THE OBSERVED QUALITY RESPONSE 
TO IRRIGATION 
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Table B.1. Summary of guality characteristics by variety .j>. 0\ 
Under Size Hollow Growth Second 
Variety Sunburn Offshape «IS') Heart Cracks Scab Growth Wireworm Frost Soft Rot Other Black Leg Bruised 
Atlantic 
P,-P, +4.33** +0.09 -0.20 -0.03 -0.13 +0.09 +0.03 +0.01 
S',- S' N.S.' N.S. N.S. N.S. N.S. + N.S. 
Belchip 
p"p, +0.43 +0.01 -0.13 +0.90 +0.66 +0.07 +0.62 -0.44 +0.03 +0.26 
S',' S', + N.S. N.S. + + N.S. + N.S. 
Belrus 
P,-P, +0.42 +0.08 -1.83" +0.54 +0.66 +0.07 +0.35 +0.45 +0.02 +0.15 +0.17 +0.02 
S"-S' + + + + N.S. + + N.S. 
Chipewa 
P"P; +1.42 -0.12 +0.05 -0.19 -0.07 -0.04 +0.09 +0.18 
S',' S', N.S. N.S. N.S. N.S. N.S. N.S. 
Katahdin 
P,-P, +0.65 ·0.29 ·0.29 +2.40 ·0.48 ·3.67 +0.74 +0.80' +0.11 
Slj~ S2D .. N.S. N.S. N.S. + + 
Norchip 
p,'p, +0.50 + 1.34' +0.13 +0.19 +0.69 +0.38 +0.13 +0.04 0.84 +0.20 -0.02 
S',' S', + N.S. N.S. N.S. N.S. + 
Russett Burbank 
P,'p, -0.02 -1.49 -1.01 +0.03 -0.14 +0.12 -0.85 0.99" +0.19 +0.04 +0.00 
S1;_ SID N.S. N.S. N.S. N .. S. + N.S. N.S. 
Superior 
P,-P, +0.28 +0.46 -0.13 +0.57 +0.33 +0.12 +0.02 ·0.05 +0.23 +0.01" ·0.08 
S',' S', N.S. N.S. + 
15; - Po = Differences in ~e mean proportions between irrigated (i) and not irrigated (0) samples. 52;- S\ = Differences in the proportion between irrigated (i) and not 
irrigated(n) samples. 
'N.S. means no significant difference; + means variance of irrigated samples significantly greater; - means variance of not irrigated samples significantly 
greater; bNeither treatment reflected defect; COnly irrigated treatment reflected defect so S2j = 0, therefore no test was performed. dOnly not irrigated treatment 
reflected defect. so S2", = 0, therefore. no test was performed:-Difference is statistically significant at the 95% confidence level. 
Table B.2. Quality comparison between irrigated and not irrigated 
samples: All varieties. 
Defect Mean Percentage of Sample 
Classification Irrigated Not-Irrigated P-P S2._S2 
I D 1 n 
% % 
SWlburn 5.42 5.02 -to.40 N.S. 
Offshape 1.93 1.83 -to. 10 N.S. 
Under Size «1.5") 1.49 1.94 -0.50" 
Hollowheart 1.15 0.67 -to.48· + 
Growth Cracks 0.71 0.54 -to. 17 N.S 
Scab 0.56 0.52 -to.03 
Second Growth 0.14 0.47 -0.33 
Wirewonn 0.52 0.15 -to. 37" + 
Frost 0.30 . 0.20 +0.10 + 
Soft Rot 0.29 0.19 -to. 10 + 
Other 0.09 om -to.08" + 
Black Leg 0.08 0.01 -to. 07" + 
Bruised om 0.02 -0.01 
'Atlantic, Be1chip, Belrus, Chipewa, Katahdin, Norchip, Russet Burbank, and 
Superior. 
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Note: No late blight was observed in any of the samples taken. P;-Pn represents the 
difference in the mean percentage of irrigated (i) and not irrigated (n) samples for 
each direct classification; (.,",''') difference is significant at the 90%, (95%, 99%) 
level. S2(S2n represents the difference in the sample variance of the sample 
proportions 
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Table B.3. Log-linear marketable yield (U.S. No.1) responses to water and 
growing degree days for various potato varieties 
Ln Ln 
Variety Intercept' (Water) (GDDays) DF3b N R2 
Atlantic -13.02"" 0.004 2.642··· 34 .48 
(3 .78) (0.1 07) (0.52) 
Belchip -11.09·· -0.425··· 2.49··· 40 .45 
(4.74) (0.152) (0.66) 
Belrus (Farm 3) 2.95 0.305 0.46 60 .06 
(5.44) (0.268) (0.71) 
Belrusc (Farm 1 & 3) -4.51 0.183 1.19 1.082··· 77 .64 
(8 .16) (0.397) (1.08) (0. 127) 
Chipewa -8.41·· 0.047 2.01··· 33 .44 
(3.10) (0.075) (0.42) 
Katahdin 15 .50·· 0.111 -1.43 45 .09 
(6.24) (0.193) (0.86) 
Norchip -7.03· 0.171· 1.74··· 50 .22 
(3.55) (0.095) (0.49) 
Russet Burbank (Farm 3) -10.n·· 0.153 2.24··· 74 .18 
(4.62) (0.230) (0.61) 
Russet Burbankd (Farm 1 & 3) -12.11·· 0.267 2.39··· 0.055 102 .21 
(4.75) (0.232) (0.63) (0.067) 
Superior (Farm2) 2.27 3.130 0.45 59 .03 
(3.94) (3 .123) (0.54) 
Superior (Farm 3) -42.30· 1.457""· 6.27"" 21 .42 
(21.02) (0.406) (2.86) 
Superior (Farm 2 & 3) 1.49 0.200· 0.55 -0.006 80 .05 
(3.83) (0.117) (0.53) (0.054) 
'Standard error in parentheses . 
bDummy variable for Farm 3. 
cBelrus Farm 1 data available only for 1988. 
dRusset Burbank Farm 1 data available only for 1986. 
··C·)Parameter estimate is statistically significant at the 95% (99%) level of 
confidence. 
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APPENDIXC 
STORAGE LOSS DIFFERENCES BETWEEN IRRIGATED 
AND NOT IRRIGATED SAMPLES 
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Table C. Storage loss comparison between irrigated and not irrigated samples. 
Year, Farm, and Variety Irrigated Not Irrigated Difference 
1985 Percentage loss/30 days Farm 2 
Atlantic 0.70 0.63 +0.07 
Superior 0.31 0.25 +0.06' 
Farm 3 
Russet Burbank 0.62 0.57 +0.05 
1986 
Farm 1 
Belrus 1.25 1.27 -0.02 
Russel Burbank 0.71 0.57 +0.14 
Farm 2 
Atlantic 0.51 0.62 -0.11' 
Belchip 0.64 
Chipewa 0.46 0.37 +0.09'" 
Katahdin 0.84 0.62 +0.22' 
Norchip 0.65 0.58 +0.07 
Superior 0.57 0.55 +0.02 
Farm 3 
Belrus 0.91 0.93 -0.02 
Russet Burbank 1.09 0.70 +0.39' 
1987 
Farm 1 
Superior 0.55 0.49 +0.06 
Farm2 
Atlantic 0.68 0.48 +0.20" 
Belchip 0.66 0.85 -0.19" 
Chipewa 0 .70 0.62 +0.08 
Katahdin 0.92 0.61 +0.31 
Kennebec 0.45 0.62 -0.17' 
Norchip 0.91 0.71 +0.20 
Superior 0.68 0.61 +0.07 
Farm 3 
Belrus 1.23 1.10 +0.13 
Russel Burbank 0.75 0.84 -0.09 
1988 
Farm 2 
Belchip 0.95 1.01 -0.06 
Katahdin 0.98 0.97 +0.01 
Kennebec 0.61 0.67 -0.06 
Norchip 0.67 0.70 -0.03 
Superior 0.77 0.69 +0.08 
Farm 3 
Belrus 1.47 1.35 +0.12 
Russet Burbank 0.8 1 0.88 -0.07 
Superior 0.63 0.87 -0.24 
alnsufficient sample size to test mean difference. 
-("· .. ·)Differences are stati sticall y significant at the 90% (95%, 99%) level of confidence. 
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Table C. Continued 
Year, Farm, and Variety Irrigated Not Irrigated Difference 
1989 
Farm 2 
Atlantic 0.81 0.86 -0.05 
Chipewa 0.89 1.53 -0.64' 
FL657 0.72 0.70 +0.02 
Katahdin 0.57 0.63 -0.06 
Kennebec 0.97 0.84 +0.13 
Norchip 0.60 0.79 -0.19' 
Norkotah 0.91 0.78 +0.13 
Superior 0.57 0.61 -0.04 
Farm 3 
Belrus 0.99 1.01 -0.02 
Russet Burbank 0.92 0.81 +0.11 
Superior 0.48 
Total Years and Farms 
Atlantic 0.65 0.61 +0.04 
Belchip 0.83 0.75 +0.08 
Belrus 1.12 1.12 0.00 
Chipewa 0.63 0.61 +0.02 
Coastal Russet 0.92 0.81 +0.11 
FL 657 0.71 0.70 +0.01 
Katahdin 0.87 0.70 +0.17' 
Kennebec 0.73 0.76 -0.03 
Norchip 0.72 0.69 +0.02 
Norkotah 0.90 0.78 +0.12 
Russet Burbank 0.76 0.66 +0.10' 
Superior 0.59 0.59 0.00 
'Insufficient sample size to test mean difference. 
·C .... )Differences are statistically significant at the 90% (95%, 99%) level of confi-
dence. 
